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ABSTRACT 

How can we construct a program that will understand stories that 
children would understand? By understand we mean the ability to answer 
questions about that story. We are interested here with understanding 
natural language in a very broad area- In particular how does one under- 
stand stories about infants? We propose a system which answers such 
questions by relating the story to background real world knowledge. He 
make use of the general model proposed by Eugene Charniak in his Ph.D, 
thesis (Charniak 72). The model sets up expectations which can be used 
to help answer questions about the story. There is a set of routines 
called BASE-routines that correspond to our Veal world knowledge" and 
routines that are "put-in" which are called DEMONS that correspond to 
contextual information. Context can help to assign a particular meaning 
to an ambiguous word, or pronoun. 
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INFANTS IN CHILDREN STORIES - 
TOWARD A MODEL OF NATURAL LANGUAGE COMPREHENSION* 



Abstract 

How can we construct a program that will understand stories that 
children would understand? By understand we mean the ability to answer 
questions about that story. We are interested here with understanding 
natural language in a very broad area. In particular how does one under- 
stand stories about infants? We propose a system which answers such 
questions by relating the story to background real world knowledge. We 
make use of the general model proposed by Eugene Charniak in his Ph.D. 
thesis (Charniak 72), The model sets up expectations which can be used 
to help answer questions about the story. There is a set of routines 
called BASE-routines that correspond to our "real world Knowledge" and 
routines that are "put-in" which are called DEHONs that correspond to 
contextual information. Context can help to assign a particular meaning 
to an ambiguous word, or pronoun. 

The problem of formalizing our real world knowledge to fit into the 
model is the prime problem here. I discuss a first level attack on 
formalizing the information about infants and then baby bottles. The 
contrast between the two leads me to suggest that the same methods can 
not be used successfully for both inanimate objects and animate objects. 
Finally I outline how a finite state model of infant behavior can be 
used to better understand infants in children stories, 
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Introduction : 

We are interested in creatine a todel of infant 
behavior* ; : ust complex enough to allow us to understand 
references to infants in children stories, Shore r^ri* tvo 
principal reasons why we Iclicve it is useful to assemble 
such a nodel or "Bicro-world" oi knowledge* 

1. Ihey are neeced to extend "lan^ua^e understanding" 
pro£T£ns lil:e Uincgrad's* 

£• They nay serve as a starting point toward 

proposing; how hunan kr:ovled£e about such subjects 
is organised, particularly in children. 

Our feeling is that for this purpose infants (&nd indeed 
cost anicals) ecu le ccnsicerec as "many anirals in one 11 . 
That is, we can use a finite state nodel in which at one tiffie 
he is a sleeper; in another state a drinker; another an 
eater, etc. In the section on the relation of this thesis to 
other wcrk i;e will discuss briefly sone of the origins fcr 
such a nodel. In the following pa^cs W€ shall discuss a 
reneral ttodel fcr children stcry cenprehension and a first 
attenpt at forndizins infants end the lelated topic of "i&ly 
Bottle," Ve will then indicate tie direction in which our 



finite etate raodel \.ill "O. 

The purpose of this ptpcr is to ci scree ry efforts to 
formalize scne Lnowledr-c afceut r particular subject, ] will 
use the frecewcrlc of Zugane Charaiaii's ncdel of children 
story comprehension (Chamdak ?£). ir- doing to I fill alto 
note certain extensions which in the very least will cal.e it 
easier to build a children story cccprchencer, and which eay 
in fact be necessary if we i;ant to cocprehenc general 
disccurse. Initially I chose to attacli tie rrobleE of 
understanding infants in children stories. later I decioed 
to work on Baby Bottle for reasons ;;hich will Lecore olvious 
to the reader. before describing ny worh I will briefly 
describe the Chfiraiak Ecdel as 1 understand it. 
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deletion to Other Ivcriy : 

The ii-petus fcr this i;orfc ateis ixinl; frei: the work of 
Eugene Charaialu In hie thesis (Charaiak 72) he describee a 
t:odel directed toward understardinf natural lon^ue^e in the 
children stcry context. Aside frcr this tork, very little 
work h£S teen done in creating corruter systems aired at 
understanding stories. Host lan^ua^e understanding systece, 
SIR (Raphael 64), QA3 (Crecn 69), and SIP.ia.li (l.ino^rad 71) do 
not deal with very broad universes* fc'inogred's is limited to 
the world of toy blocks, none of then understand very much 
about things like human motivation or hu&an desires. 

I will not attempt to describe in detail or evaluate 
nuch of the work in Artificial Intellifence relating to 
language understanding For these who would like to see such 
a discussion I can reccrrer.d Winc^rad's paj/er (Uincsrac 7£) 
which contains a very food evaluation cf research in A.I. on 
natural lanfua^e processing, serantics, and theoroE proving. 

Since our attack on natural language understanding is 
founded on the idea of working on children's stories first, 
we are concerned about the knowledge that children have that 
allows them to understand sinple stories* There is a vast 
literature on huram infancy (Kessen 70) but almost nothing en 
how children think about infante, or what facts they knew* 
Pia^et discussec what he ielieves children know £bout the 
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birth cf an iniant (Placet OS). :ut r.o one scetic to tet at 
what the mcdelL are that children uce ior undtrEtrndin- 
infant iehavior* 

Several pecple have uice or used a finite state mocel to 
explain anir.al lehavior (KcOaioch, Kilter, Ilur). 3n their 
work they postulate en integrated, stable physiological 
pattern for each mode cf behavior, where each rode generally 
subsunes many particular kinds of beliavior* Their evidence 
for this model derives tainly froc neurcanatony, phylo^enetic 
arguments, experiments with the reticular forraticn (severe 
damage, electrical stinilation, etc. J etiological and 
physiological arguments. The nore recent v;ork of Kilmer and 
licLardy deals tvith how difierent acts are determined uithin 
the modes. They define "acts' 1 as "well-Lotivated, 
species-typical, intranodal behaviors that are based on an 
animal's instincts but which are usually decidec on partly as 
a function of reinforced past individual experience" {Kilrer 
72). Their hypothesis is that cne of the main functions of a 
sector of the hippocacpus in DaoEals "is to help select act 
decisions and activate then via signals over the 
precommissural fornix into the motor circuits of the Eedical 
forebrain bundle." The nodel is ained at cetenrinin? how a 
node and in turn a particiJar act are instituted- They do 
not seer to be especially concerned with what the ectuel 
codes and acts are, except in sc far as the tot£l number nust 



no 

Ve reasonable fcr their rodel. 



Pio<-et and Infants in Children Stories: 



Piaj-et is a rich source of information on babies and the 
development of intelligence in the child. In his model 
children fro throurh four stages of developrent. The first 
two of these are relevant here. They are: 1. sensori-motor 
(ages to £), and 2. pre-operational (a^es 2 to 7). These 
a^-e brackets are not fvndarent&l to his theory but sinply 
approximate cuts. In the first sta.^e the child learns to 
coordinete his actions vith what he perceives or with other 
actions and to use certain elementary rchersta (sucking 1 , 
following otjects with his eyes, shaking). In the record 
stare the child learns to represent the world throufh symbols 
and sif-ns tut is not at the level of concrete operations 
(idea of conservation of nuifcer, catter, weight, etc.). 

Piaget's work brinj-s out the fact that the behavior of 
babies change with time. The implication of sore of his work 
is that a knowled/re of the history ("life-histcry" J of a 
child is necessary to understand the child c.t any rarticulnr 
tine. If this is true then it is hard to fee how anyone 
could understand a chile. The thin? to note, I think, is 
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that the concept of a "life-history" is irspcrtort. Thic fact 
together with the fact that the state (ceterrincd b; very 
recent events) cf the child is ever cbantfinf irtliCF that the 
proller; of understanding discourse about infents or with 
infants in it can orly le cclvec in a Raster which can handle 
these changes and understand "where the baby is at." le are 
forced^ in a story understand in^ profrar., to maintain a 
history (recent events and not "life-history") because one 
car- always ask questions of it like "How did the infant £et 
into the present state?" or "What happened to the child 
befcre some particular act occurred?" So although what we 

mean by "state" is a finite surarary of the history ve are 
also forced to caintain the history so that t;e can answer 
questions about it. It seers clear to bc that in the 
ultimate uncerstandcr states and histories will pley en 
important role- Ve cculd add a te* on every assertion thrt 
indicates the slate. In tone sense however, the set cf 
currently active (ASSIR'ied) EEKOEe is the state in the 
Charniak mocel. Also such cf the history type of information 
can be rotten froE the assertion nurbers which are ordered in 
teres of input to the ur.derstancer. The Ckarni&i: rodel does 
not have state markers f but they are a possible extension. 
This aay be very important if we car. show that we need 
alternative worlds e:;istinf in parallel. We coulc then use 
such state markers together \jjth a filtering Fiechaniein to 
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distiivrisfc various GO— exist iiv" vorDfic* Tix notion of r- tire 
line, if properly ctvelopet'., cty rrove sufficient to lanc3c 
nam' prcblers. lil:e tenccc*. hunrer, saving etc* 
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hju:i:ek 

This chapter ic intended to provide er.ourl. information 
about the larrua.^c PLAniER (Hewitt <S» 72) so that the* codes 
used later tflll ce uncerstancrble. b kr*oulea,?e of LI£P 
(McCarthy 62, Ifciecran 67, Unorrad 72) wall prove helplul. 

For a better (core cor pie te) dcrcrirtior. of 

MICPO-PIAKKER, the currently working subset of PLAU'EE, ycu 

can see the NICRO-FLA1-HER reference FEnual (Lussran et al. 

72). FLAOER is a procedural lanrua.ffc oriented toward the 

accomplishment of reals which noy in turn be broken down into 

subfoals- In contract to other Hanfxafes, when a real is 

activated in FLAIXEF it can be satisfied by my one of a 

nunVer of assertions in the drta base or by any nurter of 

thecreirr. Theorers can be activated cr referenced Vy 

pattern and need not be called by nair.e- So ycu do not have 

to explicitly c£ll eore procedure, but you can sirr^y allow 

the system to accomplish the desired goal in vhet ever \;ay it 

can. If a failure occurs as a result of sore decision, a 

bacL-up facility is provided so that another possibility can 

be tried - 

(We have sicplified scne notations. All KXCFO-FIAHKER 
functions start with n 2EP lut v;e will delete the "TH" in 
our presentation so that our KICRO-PLAnsiT; codes will te 
noie readalle. Because of this decision there Ery te 
sOLe cuestion as to whether a r.artictlar function is a 
LISP function cr a ELAEEER function; we assure thst the 
function is a ELAEi.ER one unless ve specifically noted 
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otherwise. J 

Perhaps tie cseciect ucy tc understand how FXJtijfER vori-s 

is to lcok ct srait examples in the forn of e console Scssior.. 

The ">" (greater than sifn) indicates b reipons-e tc core 

line that we tyjed in. PrcbaUy tie r;.cct losic i'ui cticn is 

ASSERT* If we say 

(ASSTPT (KAERIEE JOfSI HART)) 

> ((HARRIED JOHK WUft)) 

The system has rut the 3 ten (KARRIEE JOB! KAIft) into the data 
base* This item is called oj] assertion- 

The CCAL function can "be usee tc see if an aeserticn 
exists or csn "be deduced. 

(COA2 (IIAERIED <TCKR KARY)) 

> ((CARRIED JOKK KAR1)) 

In this case the system has found the assertion in the data 
base, later we will see hov. the system car. deduce facts. If 
we asked it whether coEeone else, say Ei31 vas rarried to 
MARY? 

(GOAI (KARRIIJ) BIXL IAT.Y)) 

> KII 

■ 
The response KII Deans "faJse 11 , ocanin£ tl-at it could net 

fine that the assertion (EAF.RIED EII1 fc/£Y) was true. 



If 



The lsnguane lias no irncvlcd-jc of what the ssBbols 
tiARKIED, SHI, LARY, etc. really rccan. This as clear if ve 
say 



(GOAI. (i-ArJ.IED fcARY JCK1. )) 
> HII 



V.'e know that if l.AfiY is rarried to JOHK, then JCEK is 
carried to LAKY. This fact can be expressed i n o EEAEKIE 
theoren. The COi:£E type theorem is used for establishins 
goals. C0i»'£E stands for consequent thecrerc. I'e could write 

(OGHSB HARBXA051 () 

(I.AKR1ED UXfCC JCI3 ) 
(GOAI (IIAKFJXD JCHK I.AEY)} 

> KAFRIACE1 (defined and asserted) 

> (KAKRIAGE1) 

(GOAL (KARRIED KAEY JCHK) CT) 

> (KARRIE) KAKY. JOHK) 

So nov we have & theorer. that states that if we want to prove 
(HAERXBD MAEY JCHK), try (KARFJED JCHH i--AEY). Kotc that we 
have added a second arfurcer.t to the GOAI. TBI nerns filter 
so that only those thecrens that satisfy the criteria are 
tried. TRIE means always true* so we will try everi' theorec; 
that catches the pattern. fc'e could alternate!; have had any 
LIST function cf or.e ar.nur.ent in the rlac* of EXT. Since 
(TEF TRUE) is used so often, it is abbreviated Vi. 
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ifov lets say wc aster fced 



(ASSERT {l.AJian C/JIIY II£H.)) 
> ((iJtfJRIED CAEK2 EEIEE)) 



arid we did a 



(GOAL (fcAERIED iLLfi. CAJJTi)) 
> BH 



This is because our marriage theorem is only invoked when ve 
want tc prove (MARRIED JiAFY JCffiO. we car. male the theorem 
general by introducing variables. A variable is prcceeced by 
a "£?" to distinquish it from literals. In our exposition we 
uill abbreviate this convention by renoving the "U" and using 
the "?" only. When v:e write theorems that contain variables 
they must be bound, so v;e aust declare the variables v:e are 
going to use. This is the purpose of the list following the 
theorem name. 



(COh'SE HASPJAGE2 (X Y) 
(MARRIED ?>: n) 
(CCAL OiAERIEE TC ?X)) 

> (KATJUAGE2 defined and asserted) 

> (K/.RKIACE2) 

(COAI (kAKRIED IIXEI. CAfcEY) 

(TBF TKUL)) 

> ((J.ARRIED EHJ3K CATRY)) 

The system iirst checks the data case and finds that there is 
no assertion (liAKIJED ELLEK GAKT.Y). It next looks fcr 
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thecreEf which catcfc the pattern (kAIKIED fttjj : C/ M.Y; or... 
flnda that the pattern cf MARRIAGES catches with ?:; ieir ;« se t 
to ELLEK and ?i set to CAlTtf. The real (KAEF1KD ?Y SX) le 
then executed as (OCAL («ARI.IED GAET.Y. EILEh)) which sueceeta 
because it is in the data tace. 

If there were nany theorems that iiad the pattern 
(HARRIED ?X Ti) then the syrten would keep trying tier, until 
one succeeded. We can also tell the systen to try a 
particular theorem cr several particular theorems - 



(GOAI (hARRIED TLLHi GAFitf ) 

(USE l-iAREIAGI2)) 
> (MARRIED EUa.' GARKI) 



Now that we have seen how to put assertion in the data 
tase and how to define theorems, we show how to fet rid cf 
them. 



(ERASE (KARFIED GARRY EZXEli) 

> ((LARPJED CARRY EIIEJ;)) 

(GOAI (LAERIED CARRY' KLLEK)) 

> i.TI 

However if we did: 

(ERASE HARRIACE1) 

> UiARRIAGEI ERASED) 

(ERASE HARRIACE2) 

> (HAERIACE2 ERASED) 

(GOAi (i-ARRIED I-.ARY JOHK)$T) 

> NH 



(COAI (EARKIKD KAEY J0K1.) 

(USE MAF.HAGI2)) 
> (MARRIED KAKX JOHK) 

This 35 true because when we erare (un-rcsert) e 
theorem, what ive really neon is removal of that theorem's 
pattern froif. the list of patterns available to be matched. 
However, the theorem still exists end can be calico by none. 
So by define we mean storing the thecren by nane, and by 
assert we mean storing by pattern. 

So far only relevant itecs appeared an the data base so 
that the rifht assertions v/ere found at once. let us add 



(assent (wasp silo:)) 

> {(\:asp EIIEH)) 

(ASSERT (MAERIE2 GAERY EILEI 1 )) 

> ((I.ARRIED CAERY LUO')) 

(ASSERT EARRIAGE2) 

> (CARRIAGES AS3ERTEL) 

Our data base now contains the following : 
(KAREIED JOHr, MARY) 
(HAEEJED GAEEY EILEI? ) 
(WAS1 ELLEN) 
Theoren I.AKRJAGE2 

Suppose we wanted to find a happy person and had defined this 
to be someone who was msrried (this is purely hypothetical). 
We could write the following theorer: 
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(CGHEE EAPPY? (X Y) 
(HAPPY ?X] 

(coat, (karriii) ?> n) 91) 

> (HAPPY? defined tmt asserted) 

> (ii/ppy?) 

now if we did: 

(GOAI (KAFPY KAO)i;i) 

> (HAPPY MARY) 

However, if we united a happy V.'ASP ve ni^ht write 

(PROC (>:) 

(GOAL (HAPPY ?X)fT) 
(COAX (fASP ?X) ) ) 

> (WASP ELLETi) 

The PROG acts like an AiiE function so that the procedure 
succeeds only if every tern ir satisfied. 

How what happens? The systen first searches its data 
■base for soneone whe is happy. Let's say, for instance, that 
it fines JOHN before E3I.E-:. She «oaI (MARRIED ?)' ?Y) will 
succeed assi.-Tiinf to ?X JOB:, now the (KA1PY ?X) succeedr, 
and the PRCG proceeds to the new foal of (£A£P JOHN) which 
fails because there is no such assertion in the data case or 
applicable theorem. Cn failure the syster hacks up to the 
last decision point, which fas the choice of JOKK fcr binding 
to ?X in the carried assertion. The systeu then tries 
another item that will retch. This is like foinf dov;n 
another branch in a tree, it sere point iXIEI." Kill te picked 
up ty usin^ the MAREIAGI2 theorem In this case fcy usir.c tl e 
thecrea KARFIACr2 to deduce thet ■ (LATRIED HID! GARRY)" ai:d 



10 

ther th€ theorer HAIPY? to decree (KAPFY EHJ3:), 

So ?X is bound to EtLH: enc tie real (KATPX 1TJJ3 ) 
succeeds- Kow the ^oal (i;7EP HIIYi) is tried 2nd succeeds 
since it ic in the acta fcese- Our ?I0C rucce.err returniiv 
the value oi the last CC/iL, namely (V/A31 EIJEF). 

liote that if the date bese certains very rnany 
assertions, the time to search lor one when v/e go a GOAI ray 
grow, end nifht become too great. More seriously, we night 
need to do soxe costly computations in order to eeducc 
(generate) certain assertions and since we rcay rot really 
need any or all of then it rakes sense to wait arai see if we 
really need ther. There it also the possibility that ue are 
working with infinite or nearly infinite sets and ioul£ net 
want to waste tine and storage by entering any assertions 
befcre v:e need thee. te uculd therefore not went to assert 
facts that are not very irj-ortrnt cr are not used frequently 
or rxe too rany or very costly to deduce* In other words, we 
can r>ake a decision as tc whether ve icant to deduce a 
particular assertion every time we need it, or dedrce it the 
first tine ve need it and then put it in the data tase, or 
have it in the data base when we berin- Such decisions nsy 
depend on the problem area and the task of the prorrar.. Tn 
ny work I mi^kt assert fBcts like (IS EIHY Hlfl'GEY), but 
would not put in facts like (C.UAK7I7i-01 : -Jd:El PF;;KY), 
(QU/J:Tiay-OJ-j;Oi:F/ IIME), etc. Me have seen an exarple where 
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we avoided assert in" man;- iters by ucjnr a consequent 
theoreo. Ihe consequent theorei? VJSVX'i cbovc , was m f d to 
avoid asserting thai every tarried person if harry. 

I'e have seen how the COi:SE theorem is invoked when \;e 
are trying to do a COAL* ant" the assertion isn't in the data 
base. Iiow lets see what can happen when \/e rate an 
assertion. That is we can decide that we uant to add one or 
r.ore assertions to the data base because a particular 
assertion is nace. We use antecedent theorems to do this. 
It has a pattern like the consequent theorem and is invoked 
when an assertion is cade that catches this pattern. let us 
write a theorem which will assert that a person is unhappy if 
he is hungry. 



(aiitt result-gf-kutger 

(is ?y t hukgky) 
(assert (is ?x ukkafpy)) 

> (BESULa-OF-HUEGEY defined and asserted) 

> (RFSULt-GF-HUKGRY) 

Now if we input 

(ASSERT (IS BILLY HUiCRYjST) 
>((I£ BIILY EUMQEZ)) 

We will find (I£ EIIXY UIKAJPY) is in our data lase. 



(C0A1 (I£ EIIXY U:KA3TY)) 
> ((IS BITXY UHHAEPlJ) 



Me will sec later that our "'CIV.QY.r" are antecedent trxorers 
because they are. procedures which arc run ar. s result oi sone 
new assertion. 

Finally in thit chert description i.e ncte the jact tyje 
of theorem, called ERASIKC. It is SnvoLcu &s a result of the 
erasing of an item whose pattern Batches that of the theorer. 



(BRASIKO UEKAERIED (X 1) 

(harmed ?:: ?Y) 

(A£SEP.T (ll'HAIPY ?X)J 
(AESERT (HIKAIPY ?Y)) 

> (bXi;An:iED defined and asserted; 

> (UHKARKEBD) 

(ERASE (KAKKIED CARRY EUJ3i)$T)) 

> ((URHAJPY GAERS" 

> ((UKKAJPY EELEE 



What has happened is that the act of erasing the assertion 
(KAEKTEC GARRY ELLEE) has causec the theorer UffiJLBRIED to te 
run. then we entered that theorem ?.X i.as bound to GARRY and 
?Y to ELLEK, so that the tvo UKHAEFY assertions resulted as 
shown atove- 
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The Char ni ah Softer: 

In (Ctarniafc 'iZ) t E- GL&rnJali outlined a ;>rt?ose<i 
conjuter prc^rai that his the tf.sl: cf u*;deretantin" c^i]<ir'.:ns 
stories- Altnot-h ly "understand" ve rctan havir^r subctssitiEl 
ability to enswer questions, this model doe& not wait until a 
question is asked but processes assertion by abortion* That 
is, as each neu sentence is inprt to the system, it attempts 
to generate, and answer for itself, the Mnds of questions 
most likely to te cskee by a person checking to see if the 
story was understood. It attempts to answer such questions 
by relating the stcry to tackfround knowledge of the real 
world. In rany cases an event st an earlier part in tire 

story can set up "expectations" that rake it practical to 
understand later events without encrraous logical (and 
not-very-lofical) calculations. These expectations are 

inplecented by invoking procedures (called THECKH.s in 
rLAU;EE, and LHiOhs ty Ckam:ak) which look for what is 
likely to occur on the "basis of v.hat has occurred in the 
story to that point, A typical story fra^ntent night be: 

Caddy was c cin C to the hospital. 

Ladcy said, "Kother is rcinf to £ive birth soon 

and we will have a new laby". 



Typical questions one Ei^ht ash arc: 

Ufcy is Eaddy ^oinr to the hospital? 

I'ho is foinf to have a lafcy? 

Is hothcr likely to be at the hospital? 

It is important to realize that the story does not explicitly 
answer these questions. The story does not say for instance 
"Daddy was £Oin£ to the hospital because Mother was there 
having a baby"* Even to answer very simple questions about 
fairly simple stories cur Eodel must laiow facts about the 
world- In the example above for instance, it nust Lnow; 

Eabies are usually born in a hospital* 

One visits close relatives vJien they are in the hosjital. 

If a person is roin^ to "£ive birth" then her family will 

"have" a new baby. 

Cue will £0 to the hospital either to visit or to be a patient- 

and so forth* 

The model is claired to be a system which contains such 
general inf orrcat icn in a form whS ch can fce appli ed 
automatically to particular stories. One very important 
feature of this model is that it has the ability to nrd;e 
deductiens hasec on assumptions and if these assurjtior-s 
prove incorrect, it £oes baci; and undoes the things that were 
done because of it* That is, if i-e are tela, after reading 



the previous story (abcve), tj.at "Kother was coring hore 
tomorrow*', we would cssuire that the teby was lorn and 
protatly coring hone tco. Le would then vlqI.c inferences 
based on these ecsurptiens. Ho^evei, ii we are tolt later in 
the stcry that the baby died we \.ou!c have to gc back arid 
undo the work that v:e did subject tc those assumptions. 

Charniak puts forth the following question as a way to 
set at the focus of his thesis: "Low coes a sentence reanV" 
Given the focus dotcrnined by this question we now axe in a 
position to examine Charniali's nocel. In the pest it uas 
custorcary to think about such problems as !einf rcuchly 
divided into three areas: 



Syntax 

Semantics 

Inference 

It isust be noted that this is not a hard and fast 
distinction, but a first level divison of the problem in the 
very least; it is never clear where the boundary shoulc be. 
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Focu s of the iiocel 

ChcrnifJc points out rifhtl^, I think, that of the three, 
inference is the section tvhicJ: is "nest in the dark." *2t 
seers clear to re that our initial problcr, "construct a 
model which contains 'real v;orld lmewled^e* " will lall under 
the heading cf inference- * Furthermore, inference is 
necessary to resolve problems in areas ether then "real world 
knouledfe", i.e. resolving certain reference yrobHens- In 
fact much of the discussion in his thesis is about problems 
of reference. The conclusion is still that we must be most 
concerned about the inference problem* 



Internal Representation or Vhat^s Pit In-out 

The easiest way to five an idea of how stories and 
knowledge are represented in the Ch&rniak nodel might be to 
say that it is "half-way between Enrlieh and Predicate 
Calculus- " This is not very useful cr accurate, but we do net 
want to describe the internal representation (hereafter 
called IR) used- l/e would, hoover,, like to corirent upon at. 
V;e assure that the input has already been processed into the 
IR- Although this assumption Effly be necessary at this tire 

to licit the sccpe, it by no scans is a "trivial" processing 
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prolle* - There has been no study of hot our Ii; conrare-j with 
anythinr that £ huran ij;'ht have cr use, cr for that ratter 
how hucons rrocecs lannia^e at a21. One Eay ash to whet 
extent do huDrms do it that way"? Ttcre is no reason to thirl: 
it cloce to the actual processing hurx'jis do; it lo not en 
attempt at co/mitivc simulation. Husanoid cr net, v;e presure 
that it is adequate* The really iiarortant thinrs atout an lit 
are that it is rich, reasonable, oriented fcr working within 
the systen, and doesn't cheat by doinr r.11 cf the interesting 
work. It allows us to express fuzzy relationships and yet 
linits the nunter of \.ays a fact can te expressed to e 
reasonalle nunter. D: is well suited for a FLA1TER based 
eysten eiid is reasonable. 



The Cocci and glAiJKIB 

The Charniak rodel is divided into farts: 
BASF-routines, HEHOES, EOOK-KEEFING-routinee, arid 

FACS-?Ii:DE2S. The £ASE-routines are IXA$KEH ATTECEBKT 

THEERE-Ie, They represent the world imovledfe needed to 

understand a story independent of context, that is, they are 
always there (asserted). BEKOK£ arc also AKTECH3EK3 THPOEEhe 
tut they represent knowledge rained fror context. They ray 
be "put-in 11 (asserted) by the U\ SB-rout inee or currently 
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active EEKOl.s £S r result cf context. lAC^-FILIJEHr we 
involied v:hen we want tc prcve an assertion thrt rrtches its 
pattern* lasicaliy they are vied to c&tallish facts which 
etc cor pare tivtly ur.in;ortwit. Uithoit having JACT— PlIrDEfs 
the nur.ter of arcertionr in the date base v;culd be very ^rert 
because we vould explicitly have to assert rany thirds (i.e. 
mlt is food, juice is food, etc. and rennv is noncy, nickel 
is rconcy, etc-) The ECOIC-EEEI Ii:G part does ttat itr najie 
implies. Shey Eust figure out updates, sometimes with tl'.e 
help of other sections. Charnialc shows thst the ordering cf 
these certs is important. Ihe flou of control is: 



1) Apply syntax end cerantics to jet sentence into 
assertion fornat 

2) Place assertions en the TC-BE-DOJ-F list 

*) Apply DHiCKs cud ZASE-EOUTIKEs in that order to 

each entry, if a new assertion is £er:erated place 

it on the TO-EE-EOKE list 

4) Go through TC-BE-EOKE list and apply strong 

occurrence rule and 1COKKEEPIEG 

^J Apply second part of J.ASE. 
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Although the Charnfal: rxdel use s r any fcr t.urcr of 
PLAfcliEK and i&uch of the laiovledfe we tr; to forralii'e appesxs 
as iJClG-PIAiij'LI; lil:e theorem* it docs net nchcrc strictly 
to the Ixuxrva^e as cencrifccc in Snccnan, ct. al. (1271)* 
The fact of the Emitter is that as written here, end in tic 
Charnjalc thesis, most of the theorens would not worls proper3y 
until programing dances arc rade in KICIXMSAHBER- Such 
modifications, thourh tire censuring- vill not be very 
difficult. While i;e do rot v;ant to te excessively and 
unnecessarily pedantic, we shovld, however, note sore of the 
problen areas- One illustration is the way in which IEKCIs 
are deactivated (erased). The statement (EESTEUCT? ?K03XJ 
is supposed to deactivate the IB.Oi; in which it occurrs if 
the assertion naber which is pointed at by IJOIX has been 
updated (is no lender true or has been erased). This raises 
prolle: s with variable tindinf and the failure rechcnisLs 
that FLAKIIET. uses- It tust also be pointed out here that I 
use several predicates, as does Chamiak, that are not part 
of JLAI&ER lut which nust be there for cur theorecs to work. 
ASSERT and IUMK are two of them. ASSERT for instance, suet 
1) create the assertion neuter, 2) put a KEV—A t&£ en the 
assertion, Z) place the assertion on the TC-EE-IOLT list, and 
4) issue an ASSIST, 



A Tirst loch at Infants 

Tlie initial tack I attempted wac to ivrite DH".Oh : c fcr 
understanding infants in tie context of the Charniok rodcl. 
The first thins I &-<* taa to -ooh at several stories that 
were either abcut infants or had thez? in ther ... iror. this 
experience, plus the knowledge gained by talking with three 
children, sees 2, 6, and 8, and with ry wife's help, I 
produced the following suoisry cf the knowledge thai I thini 
children have alout infants: 



Infants are happy- to sleep cost of the tire, 
which they do either in a crib, bassinet, or 
any comfortable and "safe" place (kcther's 
arrs)- When they are not sleeping they are 
either playinf, eating* cr relieving their 
bodily functions (described "by children with 
euphecisns like: poc^poo, ounny, tf©e-wee f 
etc. ). Infants usually wear diapers because 
they don't control their ledy Dovenents very 
well. Dad or Mother cust ensnse the diaper 

after th i s hap: ens . Excrement causes 
irritation which leads to pain and will thus 
cause crying. Eacies also have all cf the 
cornon characteristics we attribute to cost 
hurans (i.e. 2 orris, 2 le^s, 2 eyes, 10 
fingers, etc.), except they are 

proportionally socller. Their size being 
bif jer than a Tiny Tears doll (or any snail 
doll ior that ratter) and dialler than a 
large stuffed aniiaal. Infants are "new" 
(althoigh not necessarily irrroved) so they 
can not dc cany cf the thirds that clcer 
hucane dc* That is, they don't know how to 
wall;, tall;, play with cost ^ares, or drees, 
wash, or feed themselves. Infants cry when 
hungry* Crying hns been shewn to be 

inhibited both by Seeding rnd ly nennutritive 
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sucking* i'ou can reduce crying bj hojdirif c> 
baly cr by suirolj ing £ continuous auditcry 
stinulctior. (Giiifin^ a lullaby). Eoimg 
inlantf are kurped artcr feedirr* this js to 
bring up trapped air tlizit they jay tai:e in 
while seeding, Tc burp, hold the tsifc; ever 
vour shoulder and pat it en the heel: rently- 
They arc fed liquid feed (usually rill, or a 
foraiLU-) in c txttle or tfron a ccther's 
breast- When thej ret a little elder they 
nove up to soft foocs ecllec "bal^y food." 
Itfien li ttle, they eat frequently znd at 
rerular intervals, kilk or iornula rust be 
warmed to take the chijl off. kihen the beby 
starts cutting teeth, called teethings the 
bacy sets cranky and cries easily due to its 

rs tein^ tender and sore, £aby is washed 
EOther in a layette or small tub pessitly 
with the help of older children or lather. 
Infants are too little to splash and play 
with toys when they lathe as older chilcren 
often do. Infants' shin ere very tender so 
they are oiled and poudered. This is dene 
after a bath and is accomplished by 
sprinkling a little en ar;d rubbing it in 
"very" gently. They feel s&all and soft, and 
they are therefore "nice" to hole, but they 
wiggle a let sc you nust be very careful or 
they may fall. Dropping a baby is considered 
"bad fore 11 and ccn be very serious, as are 
other actions that cause ham- Pinching, 
hitting, pushing, end kicking are souse of the 
ways m which you can hurt a baby* If you 
intentionally hurt a baby then that is reason 
for your bein^ reprimanded. There are other 
ways cf causing a baby to cry, like making a 
loud ncise, taking away something it thinks 
it owns, or frightening the laby by holding 
it the wrong vay. Very young infants grab 
onto things like your finger or eyeglasses 
and smile at you. They make sounds when 
happy, like gco-goo. They are also highly 
susceptible to diseases so you rust stay airay 
from them v;hen you are sick. labies need a 
lot of attention iron parents, causing other 
older children to Seel "out ci it" and thus 
to become ^ealcus. This ;ealcus reaction is 
also causec by the fact that baly is not 
responsible fcr its actions and therefore is 
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not punished for the saoc. thlipc that an 
older child mi/^ht be punished for* Babies 
don't elvays know what is lad lor therc so you 
miet watch ther- This aprearr. to the older 
child to be "uniair" trcatrent. Another 
carse for hostility is the fact that pcojle 
bring presents to the ziew baby and not to the 
older children. Having c baly ic a "Joyous 
Event" and is usually celebrated. Mother has 
to ro to the hospital to have the baby* 
Pregnancy precedes giving birth. 



The arount of inforctation here is considerable larger 
and more corplex than the knowledge about objects like pigyy 
bank or baby bottle. tah of the information is of the form 

of "babies can not ". This implies that children have 

a rood idea of what they therselves can do* Many of the 
stories are based on "can not do" sort of facts and rcany are 
centered around the ways in which a baby acts differently 
froE "us n (children). We can rot use the infcixation in the 
foix that it is above. It is not clear at all ho\^ we would 
use a fact like "Babies feel small and soft." I have only 
been able to formalize a small subset of the facts above. 
The task cf formalizing all of it in the context of 
Chamisk's model ray in fact be very difficult. I will 
present v/hat little I have cone here and then neve en to baby 
bottle. 
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Bate DDtOiis: 



Suppose we are riven: 



(1.1) Eaby was hungry. Mother fjxve hin his bottle. 

At this point one mi^ht ask what Mother was doin? to the baty 
when she ;rave hij? his bottle. This Eu^ests that when we 
enter our IABY base routine we went to cheek if the baty 
needs food or is hungry and assert the intention is to ret 
food. AlternativeDy we could have had: 

(1-2) Mother rave the baby his tottle. The baby wants rill:. 

In (1.T) we don't find the need unti] after t>*e -ive baty 
statement. This irplies that we want a ZEtiOI. lociiinf for 
" t -ive food".. 

The deion should leok something like: 



(AKTE B/BY-C'l\T-rCOr 

(MCLD LABY TI! IEK1 JCOI) 

; ?1»QEU is specified to the assertion niurler cf 

; the tab;* hunrry assertion, 7EABS is specified 

; as the person riven food, 

; ?PEF.1 is the nerson giving, 

; Ti\ r is the tense, and rOCT> is either food or bottle 
(?K CIVE ?1j;: S'± ?PEE1 7BABS ?PCOD) 

;this is the rattem ve rr.tch 
(DESTEUCT? ?i'ClD) 
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(GCAI. (IS IE $'* ?L/m JA2Y)) 

jrahe cure, that ?I.A£Y ir. indeed a hsb~ 
(01 

(coal (is ? G r ; Ticoh JAry-jcc;)) 

(EQUAI ?i*cor 'lottie) ) 

;lood rcusi be cither laby foot or a bcttle 

(ATSEE'j (? KAVL K: ST 7BA131 IT}) 

;cf ter uritiiv this DJ J ICiC and DEi-XKs 

;ior lL f 1 fovnd that the 

;"havc iB" assertion above war needed 

'.AtSmi (?M FFED ?TH £2' ?1EE1 ?EA£Y)) 

^CSEK'J {? KEAEOE ?K1 7K0LL)) 

.AtSER'i (? DOiU-mH ?1.1 ?1C0D)) 

;essert is sir.ilar to the ELAEKER AS3EKT 
;here we sre saying that IEF.1 feeds BABY with 
;iood ?C0L (i.e. food or bottle) end that 
;the reason for feeding is the hunwy assertion. 

It should be noted, about the above DEi-Cii, that there is sore 
question as to whether i;c should have the FEED assertion in 
it, or use sone FACT 1'IKDFE to deduce this inforraticn as 
needed. It seers that in (1.1) the author of the stcry is 

telling us that "Baby was hunrry" csusec "Kcther to rive him 
his bottle", uhereas ir. the second case (1.?) he is saying 
that "Esby wants milk" is rn "explanation" for "Cother c -ave 
the baby his bottle." This su^ests that if we haven't seen a 
"cause" for sore action, then we should loot ahead a little 
for an "explanation." 

Initially we su^ested that BAIY base ]ook for a person 
neecin-r food ard then asserting staterer.tr alout how heir.? 
.^iven a bottle cr fcod fitted i;:to the foal. In fact this is 
what the DIMOK does. Kowever it waits for the "~ivc" 
statement. V.'e can use the techr.icue thrt Chan-isl: calls 



LOOK-EACK tc har.dlc the two cases* r.azely wc caii first rake a 
COAX out of the HEECFa rattcra raid co a COAI on it. If there 
is a match in the cnta base, U.on thie DEJ-Oii is arplicd to 
the assertion. 

Let us \;rite another DHXN, thic tire related to tic 
fact that a baby needs to be watched. 

(1.;) "J'm £ll alone at hope/ 1 Jack thought, 

"I have to watch Sally-" 
We could ask several questions like: 



;i.O Can Jack go out? 

1.55 Why lsvst Jack watch Sally? 
,1.6a) Where is Sally? 

1.6b) Is Jack really alone? 



The first atterjrt Icoked something like this 

(ABIE EA3Y-i:EEDS-i;ATCKIi:C 

(KCLD IER 1A3Y i HI) 

;?KOIX is specified tc the assertion r.unter of 
;the "only one at hone" assertion, ?PLR is 
; specified to the person v;ho is hone, and ?tVXY 
;tb the baby 

(?i; LTJST PR ST WATCH ?2EE 72JABS) 

;this is the pattern i:e match 
(EESTT.UCT? ?1XLD) 

(GCAL (? IS PK ST ?r/;]£ EAIY)) 

jtake sure variable 7IAEY is indeed an infant 

(ii-i;m> (?i;i keed-to-iz pr sr vatcked ii:p/;:te) 

;if it lia? not already been asserted 

jthen assert that 

;ui infant Dust be watchec 

'assee: (? reaeok Til ?;:i)) 

>A£SER5 I? KEAEON ?i;CLI ?i:)) 
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This E3.0E toys that ii Sally is a baby in the above case, 
then she needs to "be watched end that JACK cvst catc): her- 
The system rust be eeai'b enoufli tc Ia:ow that Jack ic net 
really alone, lut rceans ti*at he and the baby together are 
alone. It alec asserts that he flust uatch her because he is 
the only one who can watch her at hone (i.e. "bacieo can't 
watch themselves). However there is a problem with this 
DEKCN, if we were riven 

\U1) Men left re here with the bate. 

1.£j Eavid cane ty and asked, "Will you cote out and nlay?" 
,1-S) I said, n I have to watch the baby. 11 

V;e need sone way to indicate that the ruestion was answered 
in the negative and thus we now Ixow that I ox not *Qinz to 
play outside and the reason why I am not coing is that "I 
ttust watch the baby". Also, we ray not have an exp^i -* 
question but an inplied one, that is, we could replace (1.£) 

above by 

■ 

(1.10) Jic and l-ary came by and said, 
"We ere foinf to the beach. 11 

To handle cases like this I firct rrorcse the predicate 
PKBV-CU-IHEL which returns the cesertios master o< t2;e 
previous question cr irpliec question. t.'e then asl: whether 
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the nqvptlve is it plied b; ti:e ,: I risi watch the IcV; " 
assertion. Then if we succeed we car. &«eert ti-st lise saswr 
to the question is no and that the reason is cci-etlinc 1U.C 
statement (1-9) or in the case of en irplice question we can 
assert that Jach will net dc what i£ icrlied and that we hncv; 
this because of (1.S). Lefore we look at our new QEfcOE 1 
would propose another addition that allows us to Eatch on an 
OKed pattern so we will i£tch on any of (1*11) - (1.13)- 
There is a strong case for representing "las to" end "uust" 
by the sane symbol in oi:r II, because they ray be sufficiently 
close in meaning*. Jiy personal feeling is that "must" is 
stronger than "has to", so I leave thee as separate entities 
in the IR. A third alternative would be to represent then ty 
the same sycbol but also associate a taf indicating decree cf 
need. In the case of "watch" caid "stay with" it seeES that 
we have £ood reasons why we would not want to represent thea 
by the same syrbol in our IR- lor example (1*13.1) and 
(1.13.2) Bean very different thinfs. "Stay with" has the 
property thet its oeaning depends on the relationship (a^e or 
relative derree of responsibility) between the subject and 
object (see (1.12) - (1,13.4) ). 



1.11) lavid has to watch Scl2y* 

1.12) Lavic has to stay with Sally. 
1*13) lavid t-u£t stay with Sally.* 

1.13.1) : had to watch Grandmother. 

1.13.2) I had to stay with Grandmother. 



1.1*:. 3) Grrndrccthcr hac to sta* with nt. 

1.13.'.) I had to stay with ny iriend Jirjy. until i .ether caic, 

Kow let's look at otr DEKOri 



( AKTE XABY-KEELS-WAl'CBIi;C2 

(KCLD IER LABI' ]< K1 K2 K3 'iXPE COV IKP) 

;?KOLI> is specified to the assertion nuobcr oi 
;the "only cnt at hoEC" arsertion, ?P£R is 
; specified to the person who is hece, and ?£AI¥ 
;to the baby 

(?r: (cr. ?ua> (cr 'must *has-tc)) pk st 

(or ?cov (or 'watch 'eiat-witk)) 'fee ?BA1.Y) 
;this is the pattern \.e catch 
(DESTRLCT? ?KOID) 
(GCAL (? IS PR ST ?EAB1* EAIY}) 

;rake sure variable ?1ABY is indeed an infant 

(U-KEEi) (7K1 ICEED-TO-LE Pt ST WATCHED IHFAIITS) 
;if it has not already been 
; asserted then assert that 
;an infant must he watched 
ASSER1 (? REASQK ?H 71.11) 
ASSER1 (? REAfOK ?I'OIX ?i:)) 
SETQ ?;.*2 (PESY-CU-IKPL ?i;5) 
.CCKD ((IKILY r,;2 VK) 

(CCED ((EQUAL ?TCPE 'Gl) (ASSET.': (73:3 

(AKSWER ?i;2 'i;o)))) 

(X (ASSEF.T (7IC3 

?PER 'KH1 '1.01" v::2))J) 
(ASSERT (RIASOK ?K3 W)J ) 
(T (SUCCEEI))) 

Let us now look at a siople DB'Ci* which is used 
generally, that is it will le asserted cy cany iases. In the 
baby tase we want to handle the fact that Kothers hive babies 
at a hospital. Any other reason for beinf at a hospital, ve 
presume, would put-in such a LEK01.. We rust sake the nace 
unioue on each "Put-in" so the assertion that tri-Teret the 
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base wall be part of the nare. The DELCK will 3ook ROflCthinr 
lilx this 



(AIITE AT-HOEF-NCLD 

(EGLD IEP Ti* KCSP) 

;?iiOLL is specified tc the have baby essertion 
;in this case, ?Pi:£ i£ bound to the pernor having 
;the taby, and ?ECSP is a hosrital. 

?l AT ?TO ST ?P£R ?HOiT) 

DtSTRUCT? ?1;01DJ 
,GCAL (? IS ?HCSP FOSPITAL)) 

; check to see if 1-OSP is indeed a hospital 
(AESER1 (? REAfOtt 7KQLE ?K)) 

;assert that the reason fcr bein** at the hospital 
;is having a baby (in this case). 



Ve have made certain assumptions about the taby base which if 
untrue will cause problens. lie nay have the following case: 

11.14) V*e were havinr a fcaby. 
1*15) J^d went to the hospital. 

The protlen here is that a nerber of a fsnily can "have a 

baby" reanin^ that the Mother in that farxly is having the 

baby* The baby case is foinj* to have to handle this 

problem. In the above case we want to say that Dad is *oing 

to the hospital to visit Mother (a less reasonable reply 

would be that Mother is having a baby). I feel thrt we must 

be able to five both answers if the questioner presses. This 

brines up one of the problems I faced; very often I pcj net 

sure what the correct answer to a question is, and in fact 

feel that rore than one is appropriate. Cf course, at this 



tine we would bt very hermy to liavc a syster that could rive 
any answer that wise correct. 

I would now like to discucs ceveral ] ACT-I3i;DhTG 
(hereafter simpDy IT) that Eight prove rcefr]. In tre firat 
case the Baby lase oust have eofc way to tell whether a 
person has had a laby or rore simply v;hether "they" have a 
baby. It mi^ht use a FJ that would tell whether sore word or 
•T-oup of words fa a baby indicator. The prorrsn would look 
something like this: 

(COTSE IABl'-IKi>IT 
(BABY) 
(?IABY EABY-IKIICATOR) 

;this is the pattern ve match 
(CCKD ((GOAL (? I£ PR ST '-TAB! EAEY)) 

;checl: to see if we have an assertion in the 
;cata base that says that 
;?13A£i is a baby (i.e. "Jin i£ a taby") 
EQU/X VIABY 'BAEY)) 
ECU/L ?IA£1' 'CHILD)) 
EQU/X ?IAEY 'BOY)) 
EQU/X ?EABY 'GIILJ) 
EQUAL ?IATY 'HEl-KEUEER}) 
EQUAL ?IA£Y 'KEV-ADEITIOC)) 
EQU/X ?IABY 'ELISSEL-EVIIIT)) 
;ir. all of the above cases we would 
;win if were looking 
;for scciethinr like "Mother had ?BAEY". 

) ) 

This IF would allow the baby base to check whether 
soneone had a baby by looking for (? HAVE ?T1. ?t;nc ?rersOn 
?BAIY) as its pattern, end oy then dcir.-- a (CCAI (7ZAIY 
BABl-HrriCAaOR)}. Of couree in reality it is not all thet 
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aarrle, the tese runt not allow "la** doner: h«j ^ new 
center." or "I lave a nice toy, he's- r? years Old"- Jt murt 
also know that if "Grcndm ether har a new Grandchild", then 
"Mother hat hLd c neu laly". 1 1 worJ d therefore to 
reasonable to have a 5? that laid/ atout fanily relrtior.shirs 
(a cini-thecry cf relations). That is, a routine that would 
allow us to prove that "David has e new brother or Bister", 
if all we knot-: is that "laviti's Mother just had a baby"# 
Such a TF will have to be written, I believe. 

let's look at another IF* £uppcse we want to know 
whether some person has fed another person. We r*irht write: 

(COLSE JFKSCJ:-FEKD«ir 

(PFF1 ISR2 TR FOOD) 

(?1 TEED ?TN SI ?PIJn 7PEE2) 

jthis is the pattern v;e natch 
(GCAL (? GIVE ?TM £T ?IEE1 PER2 (SR ?rCCZ> 

(ID-CBJ (?TYIE JtOS) (SOIi:))))) 
;v;e want to look for perscnl 
;fivir-5 person2 sere food 

* 
The decision as to whether to have such a IT depends on 

whether one wants the I3ED assertion (the information in the 

data base). Of course one rifht require FERSCE-EEED-IF to 

require the victii. to be hungry, but nany stories don't 

usually bother to nenticn this. Perhaps the "time-line" will 

generate hur.j-er after a while cr better yet our HEKQEs for 

"hur-ger" will take care cf checking food concur pticr. and 

activity to see if a person is kunrry when it is asked. 
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There is a pa; or rrobj.eE with this I.U-.Ci , ni.rr.el;. , we 
night have "Ellen was foinf to the circus end uuitcti tc feed 
the elephants." / "Hother gave Ellen cone pctmiU." It is 
clear that in this case i.other is not feeding Ellen peanuts 
but £ivin£ then to her so she can feed the elephants- To 
take care of cases like this we can modify our MIT-IT. We 
will work on the assumption that things like ,r 3oir.£ tc ti:e 
circus to feed the elephants" will put in DEi.Olls that will 
assert that "EQen v;as riven the food (peanuts) as a result 
of wantir.it to feed the food to the anirals. Cur new IP new 
looks like this: 



(coj.'se iERsc;c-riEi>-ir-2 

(PEK1 IER2 Ti: IOOD E N1) 
(?i> PEED 718 ST ??IT,1 7PER2) 

;this is the rattern v;e natch 
(GCAL (?i;i GIVE ?TE ST ??ET1 7IEF2 (SH ?i'OCD 

(IS-CEJ (?TYIEPCCI>) (ZCIZ))))) 

j we are looking for personl giving 

; person 2 sone focd 
(hXT (COAL (? I.ESULT ?1.1 ?))) 

;we dc not want tc find that the food 

;v.as given fox- another reason. 

This discussion of feeding leads to the last DFJOK 1 
wrote pertaining directly to tables. Our first IH-iOIl said 
that if we know that a baby is hungry then look for scneone 
giving kin food and assert that the toby cot the focd because 
it was hungry. :,'cw I would like to exanine the case where 
"Slaty is hungry" assert? the feed stateient, pvte-in 



(assert; ) the BIEX-CXVtttGL TJTi-.Oi:, sue putt the bafcy into r. 
negative state. l.o tifiit then rahe this ti.e ratttra ci' 
proposed DQ-Oas liix LAU-CIY, 1/ES-iJKKW.CISE, etc. j feci 
that creating tU.fi ta£ "nee— stF-te" is uceiul lecavsc there 
are nar.y cases where tie reason Tor the baby's cicconfci-t is 
unimportant and the baby's state is really the key. Kcw let 
us look at the lAEY-KUIXhT-IEKOl. which v.e have written: 



(ai:te B/£Y-i:ui;ca 

;kcld EA2y a?: iood 1:1 v.2 (is: 'soeeoke)) 

?h IS ?TK ST ?£AE HU1-GKY) 
KESXTLCT? ?KOLD) 
[ASSERT (?M IS ?Ti: 7BAET KEG-SIASC) ) 

; assert that the baby is in a negative state 
(ASSERT (? REASON ?1H 7I«)j 

;ar.d assert that the reascn is baby is hungry 
(CCKD ((EQUAL ?TK *MS1) 

(ASSERT (?i;£ IHD PAST ST 7FER ?BAB}))') 
((ASSET? (?i;2 TEED IUT_ ST ?PER 9EAIY))) 
;sonecne will feec the baiy 

(ASSERT {? SUB-ACT 7K0ID ?K2)) 

(CCKD ((EQUAL ?TE 'JUT) (ASSET/; (? RESULT *E2 ?K))) 

((ASSERT (1 T-FISUIT ?K Ti.Z)) ) 
(FUT-II, (BAEC-CIVE-rCOL ?K ?BAxjJ) 



IniTnts intc JA\y Settles : 

As I tenticnec earlier, 1 vac net very happy with iny 
progress in dealing with infants. It is true ti^t I have 
written soi,e half cozen TEBQHtEa uhlch catture sola of the 
linowled^e about ir-fants in children stcries, tut I an 
pessimistic afceut the £oal of understcjidin^ all cr most cf 
the knouledfe listed at the beginning of this ciapter, in the 
context of the codel discussed so far. Although it is 
possible to urate profrans v:hich incorporate core of this 
information, I do not feel that this irould be a fruitful 
approach at this time. So being in the context of hungry 
babies I decided to work en baby bottles, feeling that in 
tins simpler area I cifht fain a better understanding cf the 
3EKCII writing process- 
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I>aby Bottle: 



A^idn the first ctep \jbs tc write Coxm a stannary of the 
information th£.t I thir.1: children Lnow and prolafcly use when 
they understand stories. 

Description of lafey Eottles; 



Baby bottles (hereafter called EB) come in a 
standard size and shape. They are a liquid 
container with a nipple on the end. Infants 
drink food frou EBs- This food nay be Ellk. 
water, juice, coda, etc- In the case of cilk 
(or formula) the IX Eust \e \;arped tc teke 
the chill off the ©ill:. The temperature of 
the ctilk should le tested (usually a lew 
drcps froit the EB on the wrist}* Mother or 
Dad" prepares the bottle for baby in most 
cases* When the baby is hungry it will often 
look for its £B or cry cut until it ccts its 
EB or soiae other lood. So ££t fcod cut of 
the bottle you x\ccq to place the nipple in 
your mcuth and tilt the bottle up so that the 
liouid comes out* You ray also suck the 
nipple to heir get the food out. Squeezing 
the" bottle also helps, especially if it is 
the soft clastic type. Generally the heavier 
the bottle the more food that it contains. 
Mary bottles are see- through so the 
liquid-level is aprarent by inrpection. \ou 
can also shalce tottles to tell how much 
licuid they contain. If you hear a sloshing 
sound that generally indicates that there is 
food inside, if you dor/t hear anything then 
it is probably er.pty. One assumes that after 
the food comes out it is invested by the 
■person holding it cr iy the baoy if someone 
Is holding both a baty and the bottle. To 
put food in you need bcth the licuid and the 
bottle. The nipple part screws eff the top 
of the 2E so trat it csn be filled by pouring 



in liquid. H arr alco considered toys and 
can w ovned by a baby. This ownership 
extends to the liouiti contents of the Hi. It 
is considered tad iorF for an elder chile! to 
take and /or hie© a bale's It* 



Baby Dottle DEKCIis : 

Here we have much of the knowledge about EE that I think 
is necessary- In this case we can note that, alt hour* 1 not 
very snail, the description is not all that larre. It is 
nost certainly less complex than infant was. The important 
thin? atout J?B is that they are f physical ctgeet with a 
sinrle priirary utility, that is, they are usee to feed 
babies. A3 though they nay be used as toys or racifiers this 
is of secondary intortance. Cur first BEfcOI! will try to 
capture the fact that EL contain food that infants try to ret 
out- Suppose we have the following story fra<-nent: 



(2.1) David sucked on his bottle. 

(2.2) Finally he bef&n to {*et willr, 



Kow can ve answer Questions like; 



What is in the bottle before David sucked? 
How did revid ^et the nil!:? 

Vfcere was the rill: before David btran to ret it? 
Is the Bilk still in the lottle? 



2.3 
2.4 

2.6 
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The atcry fro/rent above t'oee not GxrJicitly onsver euy rf 
there cvestfona. Few 1 iratafice it dees s;ot cay, "Dcvid rud:rd 
nil!: froE his bcttle." lhat we r,oeo the;, is a DIIIC]: that cm 
infer this information* The DEiX)!! thai world i.olp us answer 
these ejections loohs BOBethiiu* lite: 



(AliTE EE-HAVB-PCOD 

titan roniE per m pccd i:) 

.?]; HAVE PK ST ?PEP ?ICOD) 

;this is the r&ttern we ECtch 

(DISTRICT? ?;*iOLD) 

(GCAL (? IS PR ST ?FOOE LK-BAIY-ICOD)) 

;r.ake sure thet PCOD is a licuid baby focc ; 

(CCAL {? If PR ST ?PEP SATO)) 

;r,ake sure thet PEP is a laty 

(II-KEFD C?IH GET-PRO!! PUT ST ?PEF 7D0T7LE ?PCCD)) 
;IF-HTED does an /SSEFT if the stttecent 
;is not found in the data base 

'iX-IiSED (? IK PAS1 ET ?1CCC ?IO02I£)) 
IT-NEED (? IE PE ST KCT ?1C0S ?£0mE)) 

.ASSERT (? T-RFSbTS ?K ?::!)) 

;1-K£5UIiT is a nredicate that rears 
;that the second assertion (pointed 
;at by the second arrvcent) i£ a 
; n trivial 11 rerult of the iirst ssrertion 
;(ix>inted at ly the first arn^ent). 

(A££ER2 (? SUB-ACT Vl.OID ?M)) 



This DBIOH would have been put in by a EAVE-Bb-BA£E 
routine. This DEtiCE las airacd r.t understanding the 

following story frajxents: 



(2.7) Lavic rot his bottle. 
he needed sore nilk. 
Lavi£ sucked on the IE. 



m 



(2.t) 7t wee feedin- Max, . 

JiinE*' \;as ~iven iir iottle. 
I'e started tc drink. 

(2.1) Filer was hurTy. 

I.oiher <"cve Eller. her hot tie. 
Che fot soce nil::. 



The DH.OK rust assert the "ret-frcr" intcr.tior in the above 
case tilt in the previour case (£.1 - 2.Z) it \;ili net have to 
do this but sirple "put-in" the Eh-HAYE-PCCD DPlXii. This 
DEIXI; Hill also put-in several other LEKOi.s that are needed 
if the suck assertion results in the enptyir^ of the 2E. Our 
SUCK DEKOK looks like this: 



(ai.te et-suck 

(be fee i! 11 e2 (ecod 'sojj-baey-pcod)) 
(?.' suck pf. st ?p£f. ?et:j 

;this is the pattern ve natch 
;n-i.'EFD (?I:1 GET-Ii-Ol! PUT ST ?PEE ?EB ?FCCD)) 
.IT-KEED (? HAVE PF ST ?PET ?BE)) 

;r.ake sure that tl;e fc?by has 

j the baby bottle 
(ASSESS (Ti.2 SUB-ACT ?J. Till)) 

;Euckan" is a sub-action cf rtttir.- 
ASSUM ?K1 *>r.2) 

;plt-ik (ze-cux-cp ?], ?pek ?ee) 

(SE-SEE-IEVEL Vi; ?PEF. ??i) 
(BE-EO-SEE-UYEL ?B ?PER ?EE) 
;rut-in the necessary DEilCils. 



) 



Lot* let us look at a very simple DIfiOJ: which was rut-in 
by the previous BH.Oi; but which wculd in fact be put-in by 
any DEkCK that tight result in the 1£ bein£ out-cf food. It 
aust look scaethinr like: 



49 



(AE1E EL-OUS-QF 

(i:cld izn IE rcoi) j i;i) 

;in tl.c above case KOID wcula he the ;;csertior. 

jr.ucttr of the "suck IB" assertion 
(?I Cu*_-GT Til CT 71 COL ?11) 

;this is the jattcrn we natch 
[DISTRICT? ?i.CID) 
.ASSEF.'J {? RESULT Til 71.CLD)) 
JI-i'EED <? EA3 PE ST C-PEF; 7FOCD)) 



One of the facts that we know abcut IB is that we cm 
tell hot much they contain by examination, tliat is he era see 
the level if we look. In this we can Infer that there is 
something in the EB and froi; what this has resulted. The wey 
the model indicates negation (with a MOT inserted in the 
assertion) rakes it necessary fcr re tc have a secend DEliCK 
for "nc— set", although the infernation content should really 
be handled by or.e DIKO.':. KoW lets look at cur two tEXJT.s: 



(aete ei-sex-level 

(KCLB IER IB i: HI TC) ■ 
(?i. SEE ?Th ST 7TG ?PE1.) 

;as in "She cculd see it was tilled" 
(DESTRUCT? ?IiOIH) 

;this DDiCiJ cay hive been put in by a "suck" tyr* 
;EEMOi; or oy a "HAVE" BB routine 
(CCKD 

((EQUAL ?TG LEVEL)) 

;as in "He saw it was filled to the 5 02. level." 
((CCAL (? I£ ?TI. ST ?TC LICL'ID-ICOI)))) 

;fs in "The rilk coulc be seer. " 
((GCAL (? IS TH. ST TCK ?)) 

(en (coal <? 11: tti; sx ?sc vee) ss ct) 

(EAII TrUCiXi.))) 
(T)) 

;as in "It was seen." 
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(cc;:r> ((co/x (' i;: it v£ v vbe) cs ;±: 

(A£SER'« (? Ii. IF- .'"- ?Tt ?ia 

(a&ser'j (? msiir v:. ft.CZD) 



and 



(AKlE n-KC-SEB-LEVIl. 

i;cld EBB I. i:i K2 1G J 

?I> SEL ?F; ST KOT ''PER TOTS) 

DrSTFXCT? ?KOID) 

Cam ((USUAL VTG 7SB) (SETQ 

?TC (f.AJ;iT-0£J EOKEIJSIl'X)))) 
:the level in the EB coulc not be seen 
((CCAL (? IS PR ST ?TG IIQUID-ITCD)))) 
:c$ in "i&vid dicr/t see any irilk 
(ASSERT (?11 Ii, PR ST LOT 7TC VLB)) 
(ASSEFtt (?i2 J3.PTY. PR £T ?>£)) 

jnow we know that the 7X Is ernty 
(ASSER1 (T-KBSULT ?K2 7E» 

;we also know how we know that it is empty. 
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There sire cone facte which right r:ore profitably he 
included ir* our iaiouledge of any container, cue], as, when 
someone puts soiLGthinc into the container, then there ir that 
something in the container- In the li case we nirht have 
something like: 

(2.10) Mother £ot the EE. She put some nilk Ik it. 
or 

(2.11) Mother £ave Cad some cilk. He put it ir. the bottle. 

We need to assert that the milk is in the lottle in the 
exarples above. We also need to assert the relationship 
betveen this act and the "£et EE" assertion. At sorse later 
tiae we will lave to consider whether we shoulc have e 
PUT-IE-EASE routine that i.ill generalize this icea. But 
getting bad; to the present case of 13 we sight iv-rite a EEKCi' 
which would lool: something li}*e: 



(Ai:iE EL-POCE-Ii. 

(;*;cld ee per te u n) 

(?], PUS-IH ?TK ST (SR TOOQD (IC-OEJ 

(IIC-EABY-i'OGI) (SOKE))) ?be) 
(DESTKLCT? ?KOLE) 

;?r:OIX will ccint to the "set BE" assertion 
jASSER'i (?i.1 IK EUi ST ?PET. ?BE ?1C0D)) 
AESEFi'i (? SUE-ACT ?i:OID ?i:i)) 

.CCKD ((EqtAl ?TK 'PUT) (ASSERT (? RESULT TK1 W)J) 
((ASSEF.'i (? T-EESULT ?i; ?K1))) 



When we have a statement like "Ke .put A in i.% the fact 
expressed by this LEilOi. is trot foi Host choices of A fad i. 
This is evidence that \.e should have this fact in a base 
routine, lake FuT-IK-LASE. This routine will have to le 
conj-lex enough to handle cases where the "general fact" zr 
not true. Exac.ples would be: "putting air in a flat tire", 
"putting a highly volatile liquid in an open container", 
"putting water into a sin!:", etc. 

Nov for the last BL DB-GK that 1 wrote. I as trying to 
capture the fact that if a baby has the bottle that someone 
else just got, we can infer that the person gave it to the 
baby. The baby having the bottle in this case also icplies 
that it will try to pet food from it. There is also a 
question in rcy rind as to whether this IHiOt; belongs to baby 
base or here in BB. It nay interact with the BABY KB.OV. on 
pa?e 32, BAE1T-CIV&-I COD. The DEMCM should handle, in any 
case, the following story fragments: 



[2-12) Mother rot the EB. She rave it to the labv, 
,2.13) David rot his BE. 
.2.14; Father rot lavid's IB. 

"I want to ^ive hiir Ids food", he said. 

How for the DEMOK: 

■ 

(AKIE BE-L'Ai.T-FCOD 

(1ICLD JER1 PEE2 BB FCOI E K1 K2 TK) 

;?K0L2 points to the "ret BB" assertion 
(?i: HAVE ?TJi ST ?PES2 -?EB) 
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DESTRbCT? ?f:OJD) 

PIC ST VFCOI LIC-BAIY->'COr.)) 
PR ST ?PEE£ BAEY)) 
<B V UA1 VPFT1 ?IER2)) 

(IF-KEED (?K2 CI VI TO ST 
?P£H1 ?ri?? ?JO0L)) 
(ASSERT (? SUE-ACT ?10LD fe)) 

AtSER'j (?u ciT-n-.ot; JUT LI tjb:2 ?el ?jccd)} 

ASSEM (? SUB-ACT ?1H TO)) 
AtSEfi'i (? SUB-ACT ?I.OID ?M)) 
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Finite frtatc i'.ooel t 

Vie now try to construct a Eodel in which rotfRS cf 
behavior or self corrranca are u: ed to fcrnalize our kntnJedfe 
listed in the paragraph we used earlier to describe infants. 
Our ascur.ption is that there is scrce "abductive or -"an" that 
commits the entire crrar.ioc to any of a number cf 
incompatible mooes. It will not surprise us If further 
research indicates that this a^sunrtion is not trre 
physiologically for all infant behavior because we are 
concerned here only with how adequate is such a rodel for 
understanding infants in children stories. We hypothesize 
that a rodel of how children thinJc infants \*ork would place 
the infant in any one of a finite number of modes. The modes 
listed in Table A are a first attenpt at specifying then. 
Kowever, to hancle all of the information we need, we will 
have tc handle such knowledge as comes fror facts about whrt 
an infant can not do- lor exanple, we nifht have the 
following story: 



(6.1) Daddy car.e hore fron the hospital with 
Kcther and the new baty. 

(6.2) Grandrother rade coffte and cake for everyone, 
everyone that is, except the babv. 



We coulc ash: 



(6.i) (fly didn't she rale coffee one- care frr tlw baby? 

Tlie answer, because it c&r.'t cat therc, coses frcr the fact 
that new tables can't eat coffee and cake. '.e could 
represent this by ca-;in.*' that babies do not have a 
"solid-icod eatinr" stete. Ik the save cense ue know that 
states like "rodnr to school", "playing street fanef", "feed 
oneself", etc. wall be of injortance in cur systen because 
infants can not be in then and older children do enter them 
often. As noted earlier rucr. of the inf creation needed to 

understand Infarcts t.-as of this fore. This corresponds 10 
well defined cedes that an infant can not achieve. Table B 
contains a list of such codes.. Entries that have a star next 
to them ere those that ere probably irrelevant to 
understanding infants in children stories. 

lacle A 



fear, anxiety (unstability) 
slecn - rest 
eat - drink 
unhappy — cry 
happy - snile 
search - exnlcre 
urinate - defecate 
loconotion 
sit - star.d - lie 
disinterest (boredor) 
sucking 
hunger 



cJcrn — ttoc!t. 
ret ioo6 - hrnt - work 
cat rolic focri 
fl?ht 
o&tc* - fomicrte* 
rive birth* 
aether younr* 
build hore* 
an^-er 
talk 
fyeed - envy 
laughter -euphoria 
hibernate* 
surrender 
play 

These tables indicate the level of behavior at which our 
model is ained. Clearly, neurophysiology cal reactions, 

clinical reactions, etc., z\rc not directly relevant to our 
understanding of infants behavior in children stories. 
Theories about which neurone have just lired and the paths of 
signals are not useful for understanding why someone dees cr 
does not do soiethinj in a story* le \;ill now have to 
consider wtet rarticular behavior is pcssille for the infant 
in each node. 

Xiljaer and Ilclardy use the tenr "act" to represent that 
behavior which takes place within a tode- A few examples 
will serve to illustrate what fee nean ly "act". If a baby 
connitted to the searching node sees two different toys, 
whether he foes to the first or second is an act decision. 
If he cores to an;; olject, ti:e decision as to whether to 



SI 

explore ttact ebjett cr. continue \\lt ecarcL if ai. act 
decision. A ;ounr iniant sec as -to heve the prcrcrt; that 
there aie relatively few &cts associated with eseh code. 
This can be contrasted with cay a jrowj wolf i;i o, :n the 
hunting code may be "stalking, lyinr in enfcuch, trivia* £ 
herd of prey, running to the attaclc, re;'oir.inr ::ic racl:, 
di££in£ for mice, and co en." Koi; let us look at a nore 
detailed finite state ncdel of infants. 



Unite £ tat* Infanta 



We will lisL the states, jollcwcd by ruler, for entering 
and leaving the state. Ke will then list corse of the acts 
which occur within each state. 

Sleep-deep 

If no deep (4 cr D hours) and "heppy 11 -> 
''sleep-deep 11 . If "sleep-deep 11 and Ion* tire rcos ty 
(Q to 1C hours) -> M sltej>-noderate ,T , "Bleep-liffht", 
"awake". "Sleep-deep" end very leud noise -> 

"cryin^-cisccnfort". "Eleep-deep" and low level talk 
-> •'slecp-ECderate 11 . "Sleep-roderate" and gentle 

rocking -> "sleep-deep"* Acts: Me don't really know 
if there are different ways for an iniant to sleep 
(deeply, or anyway for that mtter). v:e eight 
however, consider the location where the infant is 
sleepins as an act decision, with the alternatives 
lein£ crib, lassinet- carriage, etc- 

SI eep-ncd ert. t e 

If "slecp-rxdercte" ano lov telk -> "sleep-light". 
Acts: Same es fcr "ileej-decp". 



Sleep-ll.-rht 

If "Eleej-noccraie" ar.d jo 1 ,; UOh -> "cletr-lj.-^t". jf 
"sleep-light" and loid noise -> "cryir^-dlr-coniort". 
If "sleer-lifht" and noise -> "aiuhe". ;'.cts: Ct-r.c an 
ior "eleep-deep". 

Eat ins 

"Kunrry" and has lottle with nilic -> "eating". 
"Hunfry" and Mother's breast -> "eating". "Hunsry" 
and eorecne spoon ins oaby fcod into belies couth -> 

"eating". "Bottle empty" -> ,, fcappj n (ctoEtch full). 
"£atins" and bottle ecpty -> "hungry", "cryir.'-hiuisry" 
(The chojee depends en decree of hunper of the infant 
and the anotnt cf fcod in the bottle when he started, 
l.otei We could handle this by malting several hungry 
siates, and speeifyin- the "state" oi the bottle, 
namely "full", "half", etc.). Acts: Sucking en 

nipple of bottle, sucking on mother's breast, 
squeezing plastic bottle. 

Cryin^-i rr i taticn 

Urinating -> "exjdn^-irritataon"- Towel coveicer.t -> 
11 cryin^-irri taticn". Someone chsnses diaper and 

powders -> "happy". Ficl:-ur and continuous auditory 
stinvlation -> inhitits crying and enters "happy" f C r 



United aiiount of tine. Acts: W&lllnn, yellinf f 
i-overent of lody and llcte* 

Cryinc-disccrfort 

luncfcingt teething, kicked, skoclc, pushed, overtirec, 
picked up the wrong way, loud noise -> 
"crying-ciscoofort". Holding, soothinr, 

non-nutritive feeding, auditory stimulation -> 
"happy". Acts: Sare as "crying-irritation". 



y 



Crying-iungrj 

Ko f cod and A or 5 hcurs -> "cry ins-hungry"- Lottie 
with enough food -> "happy". Hoc-nutritive euclrinr; cr 
bottle without enoufh food -> inhibits crying for a 
pericd of tire- Acts: Sorae as "cryins-irritaticn". 

Anxi ous-uns tatle 

Any low level (snail amount) crying stinulus -> 
"anxious-unstable". Unfamiliar surrounding, strange 
faces, mother leavins alone -> "amicus-unstcble". 
Soothing noise, Lother returning pick-up -> "happy 1 ' • 
lack of sleep -> "aiD:iou&- unstable". Acts: Itovti and 
look unhappy, prepare to cry. 



Rapry 



lull stanach ant clean ciaper and 3cve and affection 
-> "happy"- Any of: urinatinf, BE, fain, hunger, 
loud noise -> type cf cryinr (irritPtior, tiiscorfort, 
cr ttvnrxy J * "Kappy" end toys — > "play". Act? : 
Smiles, contented sounds. 



Play 



The sane ''bid" stimuli listed fcr changing free 
"happy" to a type of "cry" apply here also. Take away 
toy O "anxious-unstable". Acts: Follow objects with 
eyes, crawl, ?rasp cbjects, look or stsre, shake or 
taste objects. 



We shell also list sore of the acts that cccur with the 
baby bottle, deyendin^ en whether its state is full or empty. 

Bottle full: 

Drink till erpty (batjy contented). 
Drink till enpty (baby crying fcr nore). 
Drink partially and baby sleeps. 
Drink till erpty and baty sleeps- 
Bab;/ drcps bottle. 
Baby throws bottle. 

Bab;- spills rilfc on Mnself and environrent. 
Eaby plays with bottle. 
Unscrews car and pours our rill:. 



&- 



Fx>ttle er.oty: 



Eabv 


crye. 


H.--1 < 


throws it away. 


Baby 


Clicks on it anywaj 


Drop 


on floor. 


r: rv 


with it. 



possible Extensions ? 

One of the deficiencies o: the Cinrninl: rodel it the 
implication that ue have tc te31 it things in lanTuares lil:e 
FLAKIER in crdcr to add to its lnov.Oedje* One ci~ht piopoce 
that the solution is to write cede for translating 
declarative statements into H-AKKEF. assertions and thecrercr.. 
In this \tay 9 it is hypothesised, we can add to the prorrarc's 
knowledfe of an area. Eovrever, there are several reasons why 
this is not sufficient. As the prorram "understands" a story 
it is inevitable that it will run into phrases and words thst 
it does net Imou* This is especially true of children 
stories as they often try to tee.ch children new thinrs. Fcr 
exarple alrost all of the stcries that I liave seen with 
infants in them try to teach the reader whet one irust cd if 
the; have a younger brother or sister- This teaching nature 
of children stories rakes me feel that learning should flay a 
part in our "understancer"- !ihe Charniafc system does not 
learn end it is not c]ear how we wouDd £0 about taking it 
learn. There are several reasons why learning is Important, 
nost of ther are obvious anc need no cent ion- 

Stories are not rerfect* A story that \;as written by a 
hunan is lihel; tc be inrerfect, after all, fccmuia are 
fallible, l-hen we read reaJ life slorics we often :ind sters 
r.iscin-, inconsistercies, ^uFips in the tine frare, errors due 



to the cuthor's lad of inofc. 1 edre, end rut-rnd-cut lio&. Tie 
eye tee rust have sore ucy tc uncerstniu 1 there tfcln*t for v;het 
they are, while still refurjnf to "bilievc" occurrences of 
ther . Drew McDerr ott, in his ISstcrs theeis pror osaJ , 
proposes an ajrpro&ch to solving core of these prol'leste* 
Chamial: car net be faulted lor not trying to solve the 
"adding information 11 problem, iut we rust stiHl bxje whether 
his codcl Is suited for its solution- At the rrcscnt stare 
of d*:veloprent of the Gbarnial: rcocel we ere not forced to 
worry very iruch about this protlerc, bit eventually we rust 
consider the advantages and costs of acdinf nev. information. 
In its present forr it seems that it is not very well 
suited for raldnjr a learalnr system xhis rears simply thet 
ve rre forced to do all of the work when we wafct to add 
!jiov;ledfe to the system- Ke should point ort that the systesa 
does "learn 11 wren it reads a particular rtor; , that is, if 
the story says thet "Sally Js an infant", it will act 
accordingly. If we ashed the sister, v;hether Sally vas £ baby 
it would answer tr yec", however once it has finished with that 
story and has rone on to another one, there is no carry over 
of infernation about anything. It assures that there is no 
relationship between characters or events frot one story to 
the next. So even though it ni^ht "leern" in one rtor;-, it 
does net atter-rt tc rererter rast the irarediate story. V'e 
see here that the real t ret: en cf learning as net rckinr uce 



of irancdiately useful inforECtion, Vut dccjdinr what is 
important or .-enema cnou/h to keep and whet rhou]d le 
flushed. Cue could conceive, possibly, of a syetei: thFt ues 
programed to understand infants which cculd then ■nro.-rr.n 
itself to understand tcddlcrs after beii." riven en 
explanatory story. To be able to do this would. Eesn that i.e 
have scce way to distinguish between iacte that i;e want to 
cair.tain as part of our "inrroved" system (I.e. Toddlers can 
eat solid food if it is cut up into siall pieces for them.) 
and facts which shculd be flushed after i-nderstardinr the 
points that they illustrate (i.e. Jane ate sor.e of the rice 
and a few pieces of the steal: alter iiother cut then for her. ) 
Since we don't know how to decide such ratters (we know so 
little about learning), the best stretery at this tide is 
probably to ignore this prollen: now. Part of the problem soy 
evarorate when we know nore cbout DEhQK construction ar.d 
DEHCK DDXM.- interaction but this retains to be seen. 



'■•hat iiave Wt Iccrnet : 

The primary question te Eust csi: GuraelvCE ncv ic "What 
iiave I lecrned about the piocccs cf writinr DES-ZC^cY". 
Another question cue ray pose is "To What extent vas it 
easier to write a DIKOK after writing a few?". I an afraid 
that I vas not able to find any significant profresr with 
latter EQiOKs over earlier ones- Kov/ever, this is because 
the latter DEl.OIis that I worled on here wer* about very 
different sorts of things* If I were to sit down after the 
experience described here and try to wri te DEOTe for 
toddlers or calk bottles then the answer to the ouesticn 
posed earlier would have been very different. It seer.s to re 
that there are classes cf DIIJOKs that have einilar structure. 
So, it is easier to write EEKOJ's when they fit into the sare 
class, but it also eeeEs that vhen v;e are Xorced to work en 
very different sort; of knoiledce we find the task cf writing 
new DEJlClis no easier then when v;e started. 

This points to classification as a sterticg pcint which 
is the lowest level of the larger problem of structuring 
knovledfe. Containers of hare objects, liquid containers, 
etc*, all have something ir. coirccn which rairec the writing 
of, say, DiUt-lottle cr cookie Jar UslXSit slightly easier 
after writing DDX5:s for Th (r<±fCl ! bar>) or ii. P«haps this 
indicates .that v:e have uritten cur LXiCis 01; the wren," level 



of r ritrclj ration. There ±z toce reaioi: to exr^-ct tint :c 
will need severtl types of DEKCi.'s. Vt proteiiy need f new 
type fcr acts cf nature or pfcyticsj facts, Ir. fact v:.at v-e 
inay need is a classification tefcere ior LLl,OI.s. '..'hen we 
exBEine hov. other people write lEl.Cis fcr tony difieretft 
topics we nay heve clues as to the level of seneralizatJon \:c 
want, 

I believe that we need tetter structures for 23iovled£e 
and that writing LEilOiis is a reasonably jrooc strategy .fcr 
retting ideas about structuring laiovled^e. At this tire \:e 
aren't even sood at classification. V.'e don't loiou very nuch 
about the DIKOi' uritinr- process at this tice. lore uori will 
have to be cone writing LKICKs. 
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